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The actual demonstration of the fistula was accomplished with the aid of a new diagnostic technic devised to meet the immediate needs of this case. Temporary circulatory occlusion reduced circulation to the degree that the retrograde injection of contrast material into the aorta demonstrated the fistula from the right sinus of Valsalva into the right ventricle.
Operation was carried out with the aid of an artificial heart-lung apparatus. Unfortunately, the markedly dilated and hypertrophied heart fibrillated even before the machine had taken over the circulation. The lesion was repaired as planned. However, even with successful repair, irreversible failure precluded recovery.
CASE REPORT
A 26-year-old white man was known to had have a heart murmur since childhood. There was no history of rheumatic fever or other serious childhood disease. He had been completely asymptomatic with no limitation of activity until June 1955, at which time he suddenly developed easy fatigability and dyspnea on slight exertion. There was no undue exertion or chest pain associated with the onset of symptoms. It was reported that there was a marked change in the heart murmur at that time. Orthopnea and pedal edema appeared within a few days of the onset of symptoms and became rapidly worse. He was placed on strict bed rest, digitalis, and frequent mercurial diuretics with rather striking improvement, and he was able to return to a sedentary job 1 
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-----q '11I-l-----1i-Im-------. could not be obtained in the usual manner. In order to do so, the right pulmonary artery was occluded 9.7 temporarily by inflating the cuff with 10 ml. of con-10. 6 trast material. Distal to occlusion, the pressure and 11.5 blood oxygen content were obtained. These are considered equivalent to "pulmonary capillary" deter-13.9 minations.9
16.4 there is considerable pulmonary hypertension, indicating an increase in pulmonary arteriolar resistance. The right ventricular curve shows an elevated end-diastolic pressure preceded by a shallow diastolic "dip." The elevated right atrial pressure is consistent with the ventricular diastolic pressure, with the tricuspid valve functioning normally.
Following cardiac catheterization, a specially constructed balloon-tipped catheter was inserted via the same vein into the right atrium.'0 Approximately 40 ml. of 70 per cent Diodrast were instantaneously liberated in this chamber, while x-ray exposures at '2-second intervals were made. However, satisfactory visualization of the defect could not be obtained despite the large bolus of contrast material.
Retrograde aortic catheterization was carried out by means of a no. 7 cardiac catheter inserted via the left ulnar artery. Under fluoroscopic and manometric control, the catheter was advanced to the root of the aorta, and then through the aortic valve into the left ventricle. Repeated attempts were made to enter the suspected fistula, without success. However, during exploration of the left ventricle, the right ventricle was entered. The pressure transition from right ventricle to left ventricle to aorta established the presence of a ventricular septal defect ( fig. 4 ).
In figure 5 are shown pressure curves from the left ventricle, ascending aorta, and the brachial and femoral arteries. The left ventricular curve exhibits a small diastolic dip and an anacrotic notch. The elevated end-diastolic pressure and "dip" are evidence of failure, with a relatively hypodynamic left ventricle. The aortic curve demonstrates a good incisura with a well maintained diastolic pressure. Even the brachial artery pulse pressure is somewhat less than would be expected from the cuff measurements. The femoral artery curve exhibits a significantly elevated pulse pressure.
Retrograde aortography was performed with the injection of 70 per cent Diodrast via the no. 7 catheter at the root of the aorta. However, it was impossible to obtain visualization of the ascending aorta by this method. The marked cardiac enlargement made x-rav penetration particularly unsatisfactory.
Subsequently, a thin-walled no. 8 catheter was inserted via the left brachial artery to the root of the aorta. During bilateral carotid artery compression, 20 ml. of 70 per cent Diodrast were rapidly injected 3 times, again with complete lack of visualization. Up to this point the patient had received a total of at least 110 ml. of 70 per cent Diodrast within a 6-month period, without untoward reaction.
ANGIOGRA PHIC DEMONSTRATION OF FISTULA
Although immediate open-heart surgery was recommended in view of the probable diagnosis of cardioaortic fistula, there was considerable resistance to such an undertaking. It was argued that such possibilities as atypical patent ductus and aortic septal defect had not been adequately ruled out. As a matter of fact, in a patient ultimately proved to have a congenital aneurysm of a coronary artery" we had heard a murmur very similar to that in the present case.
Exploratory thoracotomy was strongly considered. In order to obviate such a move, a new diagnostic technic was developed and successfully employed:
Since rapid manual injection of 70 per cent Diodrast is particularly difficult via a long catheter (and against aortic pressure), an automatic injection apparatus was constructed. This consisted of a metal syringe, the tip of which was connected to the compressed air line via a simple stop-cock. The plunger of the syringe was fitted with a metal cap shaped to adapt to the barrel of a standard 50 ml. glass syringe. The 2 syringes were firmly mounted in series on a wood block, so that as compressed air forced the plunger back up the metal syringe, the barrel of the In our extensive studies with unilateral pulmonary artery occlusion' and with intracardiac angiography'0 in unanesthetized patients, temporary circulatory occlusion had been produced inadvertently on a number of occasions. On 1 occasion in a patient with emphysema, the balloon-tipped catheter had been positioned in the right pulmonary artery. During inflation with 20 ml. of contrast material, the balloon had slipped into the main pulmonary artery producing complete occlusion for at least 15 seconds before it could be deflated. Although the patient complained of discomfort and shortness of breath, there were no alarming symptoms, and, within 1 minute of deflation, no residual effects.
In another patient suspected of having a patent ductus arteriosus, right pulmonary artery occlusion was carried out as part of a hemodynamic study. In this instance, unilateral orcclusion produced a marked rise in main pulmonary artery pressure, with paroxysmal coughing and respiratory distress. The balloon was then deflated after about 20 seconds of occlusion of the right pulmonary artery and the patient was immediately comfortable, with no sequelae. Subsequent angiocardiographic studies revealed that this patient actually had congenital absence of the left pulmonary artery, so that temporary occlusion of his right pulmonary artery actually produced more or less total obstruction of pulmonary flower for a short period.
In a third patient, suspected of having an atypical patent ductus arteriosus, it was planned to inflate the Diodrast-filled balloon in the right pulmonary artery for an intracardiac angiogram. Accordingly, the tip of the special catheter was positioned in the right pulmonary artery. Fifty milliliters of 70 per cent Diodrast were then rapidly injected into the balloon and serial x-ray exposures were made as the contrast material was released. During this period the unanesthetized patient exhibited no particular distress. However, examination of the serial x-rays subsequently showed that the balloon had slipped back into the main pulmonary artery during inflation, so that the main pulmonary artery had been occluded for at least 10 seconds, without ill-effects.
These 3 experiences (and other lesser ones) suggested to the authors that temporary obstruction of circulation, even in the unanesthetized patient, was feasible, and could be performed if indicated. Accordingly, it was decided that circumstances justified its application in this patient. Of The pulmonary artery was huge, as were the right ventricle and right atrium. Through a long right ventriculotomy incision excellent exposure of the outflow tract of the right ventricle was obtained. Just below the pulmonic valve, at the septum, could be seen the opening of the fistula, with a small crescentshaped septal defect just below. An irregular gray-white area of thickened endocardium extended along the interventricular septum below the perforation. With the aid of a teflon plug, the combined ventricular openings were sutured closed. Perfusion of blood into the base of the aorta caused only a slight leakage into the right ventricle. As the ventriculotomy was closed gradual release of the aortic clamp allowed the heart to be perfused with blood. The potassium was flushed from the coronary arteries. At this point the huge heart almost filled the thoracic cavity. Despite vigorous and prolonged cardiac massage and other resuscitative procedures, the heart beat could not be restored. An autopsy was performed. the plerforation there wNdas a somewhat largeil crescentshaped ventricular septal defect. An irregular. endocardial "jet lesion" extended below the perforation. Grossly and microscopically the comnbined(lefe('ts were quite similar to those described by Edwards and co-workers13' 14 and Lin and co olkels' As a matter of fact, the physiologic findings wdere also remarkably sinila' in most respects.
DiscussioN- all as open-heart procedures. In 2 patients an artificial heart-lung was used,2' 16 and in the other, hypothermia.' Unfortunately, in both patients operated with the artificial heart-lung, the outcome was the same as in our case. The operation under hypothermia was successful, but the patient died 14 days postoperatively of overwhelming infection. At this writing, there have been no reported cases of long-term survival after operation. Technically, the lesion is amenable to surgery. However, operation must be performed as soon as possible after rupture has occurred. The duration of life after rupture has been reported as 7 days to 7 years.2 As in the case herein reported, a remarkable degree of hypertrophy and dilatation may occur in a short time, even though the fistula is relatively small. Presumably, a stage of irreversible failure is soon reached, so that even with successful closure of the defect, there may be no reversal of the deteriorating course.
This case demonstrates the remarkable difference in hemodynamic consequences of congenital shunts as compared to those that are suddenly acquired. Even large congenital shunts are usually well tolerated for many years, with lesser degrees of hypertrophy and dilatation. In this patient, the calculated shunt flow from left-to-right was approximately 9 '4 have demonstrated that the basic lesion in such cases is always the same: A lack of continuity between the aortic media and the ring of the aortic valve. The right coronary sinus, from which the right coronary artery originates, is most frequently involved, and anatomic relationships are such that it most frequently ruptures into the right ventricle. In the case reported, the defect in the ventricular membranous septum is, presumably, merely an extension of this congenital lack of continuity.
The ruptured sinus of Valsalva appears to be much more common in males, with ages varying from 20 to 67 (average: 42 years). Although there is usually severe pain at the onset, our patient exhibited only sudden severe dyspnea but not pain.
The murmur associated with the fistula is usually very loud and continuous throughout the cardiac cycle. As in our case, rupture into the right ventricle produces a murmur of maximum intensity in the third left intercostal space that seems to radiate toward the apex. The pulmonic second sound is accentuated and is associated with increased pulmonary artery pressure and flow.
The The author discusses the measurement of over-all coagulability during Dicumarol therapy as indicated by measurement of the clotting time at both room temperature and at 37 C., the 4-gamma and 1-gamma heparin clotting time (HCT) and the 1-stage prothrombin time (PT). Serial coagulation studies were performed on 21 patients receiving Dicumarol and an index of over-all coagulability was obtained from the ratio of the HCT to the PT. The PT showed a rough correlation with other clotting tests, particularly with the heparin clotting time. The author attributed this to the limitations of the PT, which measured only 1 phase of the clotting mechanism and did not reflect changes in the thromboplastic factors (platelets, antihemophilic globulin, plasma thromboplastin component, plasma thromboplastin antecedent, etc.). These factors may be affected by Dicumarol (particularly PTC), or the patient's disease. The studies on patients with acute myocardial infarction revealed hypercoagulability fluctuating with hypocoagulability, superimposed on the Dicumarol effects. Hemorrhagic manifestations seemed more closely related to over-all coagulability than to prothrombin time alone.
The significance of the over-all coagulability in the control of anticoagulant therapy with Dicumarol and related drugs, particularly in relation to acute myocardial infarction was discussed. These studies suggested that the prothrombin time may be inadequate as the basis of a therapeutic range and in control of therapy with Dicumarol and related compounds.
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